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PREFACE 
This report is the first of & series dealing with. th® 
upstream movement of 1 ,719 salmon in the River Leven duri&g 
the year 1965. In the time available it has not been posssible 
to give an appreciation of fish activity for the years 1966 sad 
1967* Further reports yet to be submitted will cover this 
omission and will deal with ths followings-
**Th@ movement of salmon at diffsrsnt air and watsr temperatures 
!STh® moovement of salmon during darkness and daylight" 
"The movement of salmon in rising, falling and steady river 
flows, related to river regulation" 
"The effect of salmon movement in a tidal zone of the river" 
This report, when studied in conjunction with that of th® 
Biver Lune now presented, shows that fish move at a mean level 
for a definite percentage of time. This is the first time that 
any electronic monitoring of fish movement has been done 400 yards 
above tidal watsr on any river, and the relationship between th® 
two rivers is striking in its implication. 
Throughout th® report iSfish" must bs construed as salmonf 
and sot s®a trout. 
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PART 2 
INTRODUCTION 
The River Leven is approximately twenty-three miles long 
and rises near the boundaries of the Lancashire and Cumberland 
River Authorities at the head of Grasmere Lake, National Grid 
Reference 332-12. 
After emptying into Grasmere Lake it flows through Rydal 
Water emptying into a stream now known as the River Rothay, 
some distance below Rydal Water the Rothay is joined by the 
Brathay, a small river flowing from Elterwater. 
Collectively, the whole of this upper catchment empties 
into Lake Windermere, ten miles long and one mile wide. 
Lake Windermere overflows at Newby Bridge, seventeen miles 
downstream from the Grasmere headwater, thence to flow for a 
distance of two and three-quarter miles where it meets tidal 
water at Lowood Bridge, National Grid Reference 334-84° 
From here, the whole discharge from a catchment of one 
hundred and four square miles empties into the Irish Sea, via 
Morecambe Bay. 
Throughout its length the water is of good quality suitable 
for industrial and domestic uses. The average daily flow down 
the river, as assessed by the Lancashire River Authority, is 
490 cuesecss, (264 m.g.d..) 
So major abstractions take place at present but in 19^7 the 
City Corporation of Manchester obtained powers to abstract water 
to the amount of 20 m.g.d. from Lake Windermere. No water will 
be taken from the Lake when the flow in the River Leven at Newby 
Bridge falls, between October and April, to 30 m.g.d, (56 cu»secs.) 
and 60 nugodo (112 cu.secs ) between May and September. 
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Up to 1859 migratory fish were trapped in cruives (traps) 
fixed in the Lowood Weir at Haverthwaite* So many fish were 
removed indiscriminately that the stocks in the river became 
non-existento 
In 1862 all the cruives were removed and a free gap (fish 
pass) was installed in the weir0 One hundred years later,, due 
to the foresight of the Lancashire River Board and with the 
cooperation of both the owners of the weir and the fishery9 
the second fish and river monitoring unit in the world was 
installed on this weir0 
Whereas in 1859 the river, due to man's depredations, 
held no migratory fishs the fishery subsequently re-established 
itself and in 1963, with the threat of water abstraction imminent, 
efforts were made to obtain information on fish population 
dynamics and flow frequencies necessary to preserve the fishery. 
The river at present has a £dod stock of salmon and sea trout, 
but the returns of fish caught by commercial netsmen and rod 
fishermen bear no relationship to the actual numbers electronically 
recorded. During 1965 103 salmon were caught by the six netsmen 
in the estuary and 115 by.the rod fishermen who fish between 
Greenodd and Newby Bridge. The rod fishermen also caught 2130 
sea trout. The migratory fish that move up river and enter 
Lake Windermere are completely lost as fishing potential for 
only on the rarest of occasions are salmon and sea trout caught 
in the Lake itself. 
f 
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From April to November 1965 1719 Salmon moved upstream 
through the monitoring installation, described overleaf, and 
were recorded against varying water levels and other natural 
parameters. The number of fish caught by all means is only 
12.3% of the stock, and excludes the sea trout that moved 
upstream. 
Modifications to the weir were such that no fish could 
escape over the weir crest and all fish passed through the 
"sensing tube" which recorded their movement. The location 
of the weir, which is 261 feet in length, is shovm opposite. 
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THE ELECTRONIC MONITORING OF FISH AND OTHER 
NATURAL PARAMETERS IN THE RIVER LEVEN 
The illustration opposite shows the monitoring unit 
conceived and designed by the Fishery Officer in 1964 and 
assembled by the staff of the Fishery Department of the 
Lancashire River Board. In August 1964 it was brought formally 
and officially into operation by the late Mr. F. T. K. Pentelow, 
Chief Inspector of Fisheries to the Ministry of Agriculture, 
Fisheries and Food. At this time fishery instrumentation was 
looked upon with scepticism, and still is by many people, In 
view of these doubts it was necessary to ensure that the 
information coming from the instruments was to the highest 
degree of accuracy. They were repeatedly checked; various 
calibrations and tests were made up to December 1964 and from 
then on having achieved the accuracy required, the continuous 
monitoring of the following parameters was possible -
Water Level 
Turbidity 
Humidity 
Barometric Pressure 
Air Temperature 
Water Temperature 
Dissolved Oxygen (9»00 a.m. daily) 
Fish Length 
Fish Numbers 
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Instrument Panel on the River Leven 
All the instruments recorded the precis© moment of time 
when salmon, moved upstream against these parameters. A 
further innovation devised in the Fishery Department was the 
recording of fish length and the illustration Below shows a 
major run of salmon and lesser sized fish moving upstream 
during a five hour period in July 1965 
RIVER LEVEN 
1965 
MONTHLY MEANS AND - STANDARD DEVIATIONS 
CALCULATED FROM PROBITS 

RIVER LEVEN 
Electronically Monitored Recordings 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR APRIL, MAY AND JUICE 1965 
Numbers of Fish and Water Levels Recorded at Time of 
Passage of Fish through Fish Counters 
RIVER LEVEN 
E l e c t r o n i c a l l y Monitored Recordings 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR JULY, AUGUST AND SEPTEMBER 1965 
Nunmbers of Fish and Water Levels Recorded at Time of 
Passage of F ish through Fish Counters 
RIVER LEVEN 
Electronically Monitored Recordings 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR OCTOBER AND NOVEMBER 1965 
Numbers of Fish and Water Levels Recorded at Time of 
Passage of Fish through Fish Counters 
Between the 17th April and the 30th November 1965, the 
movement of 1119 salmon against water level has been. 
investigated. A large number of sea trout were also 
recorded but they do not form any part of this report. 
The water requirements for salmon will also be adequate to 
support this specie. 
The tables and probits opposite indicate the seasonal 
distributions of fish against varying water levels and the 
cumulative percentages for each months 
Water levels recorded twelve feet upstream of the Lowood 
Weir are in units of one-fifth of one foot {2.4 inches or 
6 o1 centimeters). 
The average mean flow calculated from the probit charts 
derived from continuous electronic records for 1965 is 
8.25 inches with a + - S0D0 of 2e47 inchess. 
The average mean figure is in close conformity with the 
average mean of 8.6 inches obtained at Broadraine, .on the River 
Lune On that river the -+ S.D. was 4.6 inches and the 
difference of 2.13 inches in the -+ S.B on the Leven is due 
to the flow stabilising influence of Lake Windermere. 
< 
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RIV3R_LMM 
TABLE OF HOURLY WATER LEVELS AMD FISH MOVEMENT FOR 1 965 
RIVER LEVEN - APRIL AMD MAY 1965 
HOURLY WATER LEVELS IN FIFTHS OF ONE 
FOOT AND FISH MOVEMENT AT THESE LEVELS 
RIVER LEVEN - JUNE, JULY AND AUGUST 1965 
HOURLY WATER LEVELS IN FIFTHS OF ONE FOOT 
AJD FISH MOVEMENT AT THESE LEVELS 
RIVER LEVEN - SEPTEMBER, OCTOBER AND 
NOVEMBER 1965 
HOURLY WATER LEVELS IN FIFTHS OF ONE 
FOOT AND FISH MOVEMENT AT THESE LEVELS 
/ 
/ 
An analysis of river levels taken at hourly intervals from 
April to November 1965 correlated to fish movement at the exact 
river level when fish moved, are shown opposite. 
These have been broken down into three periods, i.e. 
Spring, Summer and Autumn. 
The table and graphs opposite show that there is a general 
tendency, as on the River Lune, for fish to move in direct 
relationship to the water available in the river. 
(i) In April and May there are few fish in the river, 
only twenty fish being recorded and of these the 
majority moved upstream at three-fifths of one 
foot or 7.2 inches. 
(ii) In June, July and August major runs of fish occur 
1055 fish being recorded, the greater number moving 
upstream at thrEe-fifths of one foot or 1.2 inches -
(the exact level at which fish move in the River Lune 
for the same monthly periods.) 
(iii) In September, October and November fish movement is 
less intense, 644 fish being monitored. A greater 
proportion of these fish moved at the higher river 
levels between four and five-fifths of one foot or 
9.6 to 12 inches. 
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RIVER LEVEN 
ANALYSIS OF HOURLY WATER LEVEL RECORDS, YEAR 1965 
(APRIL TO NOVEMBER) , % TIME CORRELATED TO j FISH MOVEMENT 
/ 
River Lune 
River Leven 
WATER LEVEL/TIME RELATIONSHIP RIVER LEVEN, HAVERTHWAITE 
April to November 1965 
Water LEVEL/TIME RELATIONSHIP RIVER LEVEN, HAVERTHWAITE 
April to November 1965 
The analysis of hourly water levels occurring at Haverthwaite 
weir shows that 58.2% of all fish move on levels up to 8.20 inches 
or 3°44 fifths of a foot or 500 cu.secs 
It is likely that the minimum fishing levels would be secured 
above Lowood Weir by the addition of the + standard deviation of 
2.53 inches giving a total flow of 670 cu.secs. at a level of 
10.73 inches. This flow is available for 18.0% of the time April 
to November. 
In the River Leven9 flows of 360 to 670 cu.secs. would be 
required for the security of fisheries * 
The tables opposite of hourly water levels, water availability, 
fish movement and the modal curve shows the mean flow and -
standard deviation 
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The table opposite shows that fish in the River Leven moved 
upstream on 142 days out of a possible 244 (April - November 1965) 
or for 58.1% of the time. On the River Lune, fish moved upstream 
on 359 days out of a possible 642 (April - October 1964-66) or 
for 55.9% of the time. 
C O N C L U S I O N S 
$ 
CONCLUSIONS 
1. Major quantities of water from the Rivers Lune and Leven can 
be made available for domestic and industrial supply without 
harming the fisheries. 
2. By recognising the facts contained in these Reports so will the 
above aim be achieved. 
3. Fish appear to move upstream in the Rivers Lune and Leven in 
response to the same influences of river levels and of the 
other variables electrically recorded at the observation points. 
There is a direct relationship between fish moving in the River 
Lune at Broadraihe, 26 miles upstream from tidal water and fish 
moving upstream in the River Leven, 400 yards above tidal water. 
4. The Reports to a large extent, invaldiate the past criteria that 
low flows are the main essential for fishery conservation. 
5. (a) Irrespective of migration the minimum water requirement for 
fish survival established in the river at Broadraine is 
assessed at 30 cu.secs. 
(b) Similarly, the minimum water requirement for fish survival 
at Skerton Weir on the River Lune is assessed at 90 cu.secs. 
6. (a) Concerning migration the minimum water to permit of fish 
movement and maintain the fishery at Broadraine is 
90 cu.secs. and this amount of flow Kill allow 9.4%of the 
stock to move, 
(b) The minimum water requirement to maintain the fisheries of 
the River Lune at Skerton Weir to allow fish to move is 
likely to be between 270 and 360 cu.secs; the actual 
cu.secs. flow will be determined when the Pish Monitoring 
Station at Halton Upper Weir comes into operation, later 
this year. 
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7. (a) The mean water requirement for fish movement at Broadraine on 
the River Lune is 245 cu.secs. and 23.2% of the stock migrate 
at this flow* 
(b) The flow requirement in the River Lune in the vicinity of 
Skerton Weir is likely to be 760 cu.secs. and this flow 
should give security to 43.2% of fish migrating from the 
estuary. 
8. The upper standard deviation of 13.2 inches or 460 cu.secs. at 
Broadraine on the River Lune will give security to 80.4$ of all 
stock. A suggested flow of 1430 cu.secs. at Skerton Weir is 
likely to give similar security. This ipper standard deviation 
will probably be sufficient in volume for anglers in the 
catching of their fish. 
9« Irrespective of migration the minimum water requirement for fish 
survival established in the river at Haverthwaite is assessed at 
90 cu.secs. 
10. The minimum water requirement- to maintain the fisheries on the 
River Leven at Haverthwaite to allow fish to move is 360 
cu.secs. and this flow will give security to 18.6% of the stock. 
11. The mean water requirement for fish movement at Haverthwaite on 
the River Leven is 500 cu.secs. and this will give security to 
58.2% of the stock entoring the river from the estuary. 
12. The upper standard deviation of 10.73 inches or 67O cu.secs. 
at Haverthwaita on the River Leven will give security to 78.2$ 
of all stock entering the river from the estuary. This upper 
standard deviation will probably be sufficient in volume for 
anglers in the catching of their fish. 
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13. The analyses show that there are approximately 40 good 
fishing days out of a total of 214 and the upper standard 
deviations calculated for the Rivers Lune and Leven occur 
naturally for approximately 20% of the fishing season 
April to October. 
14. The mean river flow requirements for the Rivers Lune and 
Leven must he available for 58% of the time April to 
October0 From November to the following March, this 
percentage time is not of great importancea 
i 
15. Any radical alterations to the mean flow frequencies that 
occur naturally will he detrimental to the welTbeing of 
the fisheries• 
16. To preserve the fisheries of the River Lune it is essential 
that the water he taken as low down the river system as is 
possible and this should preferably take place in the 
vicinity of Skerton Bridge
 9 Carlisle Bridge or soma 
similar venue. 
17. Should water be taken above the Upper Halton Weir area, 
major modifications will be required in the weir and channel 
below Skerton Weir. 
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WATER LEVEL/TIME RELATIONSHIP RIVER LUNE, BROADRAINE 
April to October 1964-1966 

. 
RIVER LEVEN 
WATER AVAILABILITY AFTER FISHERY REQUIREMENT IS SECURED 
IT 
